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NATTONATL. ADVISORY COMMITTEE FOR AERGNAUTICS

EESEARCH MEMORANDUM

SOME EFFECTS OF CHANGING SOLIDITY BY VARYING THE NUMBER OF
BLADES ON PERFORMANCE OF AN AXTAL-FLOW COMPRESSOR STAGE

By Raymond M. Standahsr and George K. Serovy

SUMMARY

An investigation was conducted to determine some of the basic
problems and effects involved in a change of solidity accomplished by =
change in the number of blades in an axisl-flow-compressor rotor row
and in s complete stage.

A complete stage designed to obtain a high total-pressure ratio by
combining high blade loading and high relative inlet Mach number was
installed in a l4-inch-tip-dismeter compressor with & hub-tip dismeter
ratio of 0.8 at the rotor leading edge. The stage was designed using
44 rotor blades (solidity of 1.50 at mean radius) and 46 stator blades
(solidity = 1.56 at mean radius). Performance of rotors containing
44, 30, and 22 of the original rotor blades (mean radius solidities
of 1.50, 1.02, and 0.75, respectively) was determined with no stator
blades installed, and performance of the stage with half of the rotor
and stator blades removed was obtained for comparison with previously

-reported results of an investigation of the complete high-solldity

stage.

Rotor datae for a range of corrected weight flows at each of five
equivalent tip speeds from 669 to 962 feet per second indicated that
peak pressure ratlo for s given speed was higher and was obtained at a
lower weight flow as solidity was increased. The pesk efficiencles for
the three rotor soliditles investigated were nearly equal at a given
speed and occurred at lower weight flows as solidity was increasged.

Complete stage data showed thet secondary flows produced a large
high-loss region near the hub behind the low-solidity stator blades.
A large reduction in the gize and severity of this loss region for the
high-solidity stage Indicated that the secondary flows producing this
logs were reduced by increasing stator solidity.
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INTRODUCTION

From both mamafacturing cost and weight consgiderstions, it is
desireble to design multistage axisl-flow compressors using the min-
imam number of blades necessary to give the required performance. One
method of reducing the number of blades required 1s to increase the
pressure ratio per stage so that the design over-all pressure ratio can
be obtained with fewer stages, and a considerable amount of effort has
been directed towerd this objective. The second method of reducing the
number of blades would involve the desgign of stages which will produce
a glven stage pressure ratio using lower solidities (chord divided by
blade spacing)}. A complete investigation of the effect of solidity
on performance of a compressor stage would require the deslgn of =
nhunber of stages using the same design velocity diagrams, but using
different combinations of solidity and camber to obtain the required
turning angles through the rotor and stator. It would also be neces-
sary to determine the effect of solldity on performance of stages
having various types of flow distribution through the stage. This,
obviously, would be an extensive program. A simpler, but less rigorous
approach to the problem can be made by changlng the solidlity of a glven
stage by changing the number of blades. In this type of investigation,
each golidity is essentlelly a different stage design since no attempt
is made to maintain the originel design condltions by changing blade
camber as solidlty is changed. It was believed, however, that such an
investigation would be of value 1n indiceting the extent to which cas-
cade data can be used to predict the performance of blade sections at

different solidities, and that some knowledge of the variation of effi--

clency and range of cperation of blade sections with solidity would be
obtained.

In order to study some of these baslc effects of a change of soli-
dity, a compressor stage designed to obtain a high total-pressure ratio
by combining high blade loading and high reletive iniet Mach number was
installed in a l4-ineh-tip-dismeter compressor with & hub-tip diameter
ratio of 0.8 at the rotor leading edge (reference 1). The stage was
designed using 44 rotor blades (solidity, o = 1.50 at mean radius) and
46 stator blades (o = 1.56 at mean radius). In the first phase of the
investigation, the performance of the 44-blade rotor and of rotors
containing 30 and 22 of the original blades was determined. This vari-~
ation in the number of blades gave rotor mesn radlus solidities of
1.50, 1.02, and 0.75. No stator blades were used 1n this phase.

Next, to investigate additionsal solidity effects which might be
present 1in a complete stage, the performence of +the stage (inlet guide
vanes, rotar, and stator blades) was determined with half of the rotor
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and stator blades removed and a comparison was made with the perform-
ance of the high-solidity stage reported in reference 1.

Performance curves are presented which show the varistion of
total-pressure ratio and adisbatic efficlency with corrected weight
flow for the three rotors st five equivalent tip speeds from 669 to 962
feet per second. Comparison of the trends of these curves ls made with
those predicted from two-dimensionsl cascade data, and blade element
date are presented for the rotor tests to facilitate detailed analysis
of the results. Rotor results are compared with complete stage data
for design s0l1idity and one-half design solidity at the design speed.

SYMBOLS

The following symbols are used in this report:

c blade chord (ft)

ch specific heat at constant pressure (Btu/(1b)(°F})
J mechanical equivalent of heat (778 ft-1b/Btu)

P total pressure (lb/f't2 absoclute)

P static pressure (l‘b/ft2 absolute)

r radius (£t)

r/ft radius ratio

s blade spacing (ft)

T total temperature (°R)

U blade veloecity at any radius r (ft/sec)

Ut/ﬁg' equivalent tip speed corrected to standard NACA sea-level
conditions (ft/sec)

v absolute air velocity (ft/sec)
v air velocity relative to rotor (ft/sec)
W weight flow (1b/sec)
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W ge weight flow corrected to standard NACA sea-level conditions

(1b/sec)

a angle of attack (deg)

g absolute stagger angle, angle between compressor axis and
gbsolute air velocity (deg)

B! relative stagger angle, angle between compressor axis and
relative air velocity (deg)

A8 turning angle of stator (deg)

Ap? relative turning angle of rotor (deg)

Y ratio of specific heats (1.3947 for normal air)

ts] ratlo of inlet total pressure to standard NACA sea-level
pressgure

Ted adiebatic efficlency

2] ratlo of inlet total temperature to standard sea-level
temperature

o density (Ib/feu £t)

o blade element solidity, retio of chord length to distance
between adjacent blades

P included angle of circular arc (deg)

Subscripts:

av average

e referred to equivalent constant axial-velocity diagram

h hub

m referred to vector mean velocity

maex maximim

t tip

2467
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u tangential

z axial

0 inlet measuring station

l‘ after guide vane messuring station
2 after rotor measuring station

3 after stator measuring station

APPARATUS AND PROCEDURE
Compregsor Design

The assumptions used in the design of the hilgh-golidity compres-
gsor stage are given in reference 1. The guide vanes were variasble-
chord, circuler-arc, sheet-metal vanes and were designed by use of the
following equation (reference 2):

g = @l1 - 0.26 _S_)
c

The NACA 65-series blower-blade sections with a 6-percent maximum
thickness were used for the rotor and stetor blades. Rotor blade cam-
bers and angles of attack were selected from the design velues of ref-
erences 3 and 4 to give the flattest pressure distribution for the
desired turning angle. In utilizing the design values of references 3
and 4, it wms necessary to use an equivaient constant axial veloeity
diagram based on the mean of the entrance and exit axial velocities
(fig. 1). Because the change in stator-blade turning asngle with radius
was very smaell, a constant camber section with camber and angle of
attack for the flattest pressure distribution at the mean radius sec-
tion was used.

The high-solidity stage consisted of 40 gulde vanes, 44 rotor
blades, and 46 stator blades. A summary of the blade design data is
presented in table I.

For the rotor solidity tests, rotors containing 44, 30, and 22
blades were used. Robtor mean radius solidities were 1.50, 1.02, and
0.75, respectively. Blade profiles and angle settings were identical
with those of the high-solidity blading. No stator blades were
instelled.



6 VW NACA RM E52A31

In the Investigation of the low-solidity stage, 22 rotor blades
and 23 stator blades were instaslled giving mean radius sclidity values -
of 0.75 for the rotor and 0.78 for the stator. Because of the antici-
pated decrease in turning through the rotor, the stator blade setting
angles (angle between chord line and compressor axis) were arbitrarily
reduced 5° in an asttempt to keep the blades in a good operating range.

The blades were installed in a campressor having a tip diameter of
14 inches and a hub-tip dlameter rstio of 0.8 at the rotor leading edge.
The inner-wall profile was designed from continuity of mess flow using
constant aversge axlal velocity across the rotor, an isentropic com-
rression process, and the design assumptione of the high-solidity
gtage.

2467

A schematic dlagram of the compressor installetion is shown in
figure 2. Air was drawn from the test cell through a thin plate ori-
fice -which was mounted on the end of an orifice tank and then through
a motor-operated butterfly iniet valve into a depression tank (4-ft
diameter and 6-ft length). A series of screens, filter paper, and a
3- by 3-inch honeycomb were used in the depression tank to obtain
smooth uniform flow into the bellmouth inlet of the compressor. The
air was discharged from the compressor collector into the laboratory
exhaust system. A motor-driven butterfly valve in the outlet ducting
controlled the air flow. A 400-horsepower, 20,000-rpm dynamometer was
uged to drive the compressor.

Test Procedure

Fech rotor configuration was tested over a range of welght flows
at equivalent tip speeds of 669, 753, 836, 920, and 962 feet per sec-
ond, which corresponded to 80, 90, 100, 110, and 115 percent of the
high-solidity-stage design speed, respectively. Data for the complete
low-solidity stage were taken only at an equivalent tip speed of 836
feet per second. At each sgpeed, the weight flow was varied from the
meximum obteinable to a point of audible surge or noticeable blade
stall, whichever came first. The followlng table gives the speed range
of the varilous configurstions:
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Solidity at mean Equivalent tip speeds
radius (£t/sec)
Guide Vanes | Rotor | Stator 669 | 753 | 836 | 920 | 962
1.765 1.50 | None (aY | ()| (&) | (a) | (=)
1.765 1.02 | None (&) | (&) | (a} | (=) | (=)
1.765 0.75 | None (2} | (&} | (=) | (&) | (=}
1.765 1.50 | 1.56 )| )] )] )] ()
1.765 0.75 | 0.78 — | - (&) | -~ ---

8Pregent investigation.
PData of reference 1.

Instrumentation

Instrumentation was provided ih the depression tank and at the
campressor outlet to measure over-all performance and between blade
rows to measure individual blade-row performsnce (see Tig. 2). Radial
surveys were made after each blade row using four radial positions
located at the centers of four equal-snmilus-areas increments. Pre-
liminery circumferential surveys were made in order to locaite the sur-
vey instruments so that they were removed from the wakes of upstream
blades and instruments.

Temperatures 1n the depression tank were measured by four thermo-
couple probes, each conteining four iron-constantan thermocouples. Two
wall pressure taps were used for pressure measurement. Pressures and
temperatures in the tank were assumed to be stagnstion values because
of the low velocitlies in the tank.

At station 1 located spproximetely 1/4 chord length upstream of
the rotor blades, messurements were made of the total pressure, static
pressure, and flow angle at the four radial positions. As the total
temperatures were constant across the guide vanes, no temperature
measuremnents were made at station 1. Total pressure and flow angle
were measured with a combination claw total-pressure probe (fig. 3(a)),
and static pressure was measured with a wedge-type static-pressure
probe (fig. 3(b}). Similar survey instrumentation was used at station 2
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(0.2 chord length downstream of the rotor) and station 3 (0.9 chord
length downstream of the stator blades). For the runs with stetor
blades, the total pressure at station 3 was obtained by averaging the
readings from a 25-tube circumferentisl rake (fig. 3(c)), which cov-
ered a complete blade passage. Compressor-outlet temperature measure-
ments were mede at station 3 usling four 4-tip thermocouple rakes

(fig. 3(d)). The thermocouples were connected differentially with those
at station O so that a circumferentially averaged value of the tempera-
ture rise across the compressor could be calculated for each of the four
radial measuring stations. Compressor instrumentation is summarized in

teble II.

Alr flow through the compressor was measured with a standerd thin-
plate orifice mounted on the end of an orifice tank. Compressor speed
was meagsured with & precision-type electronic tachometer.

Method of Calculation

The total-pressure ratlio used was obtained from a mass-flow-
weighted average of the isentropic power Iinput integrated across the
flow passage (reference 5).

The adlabetic efficiency used in evaluating compressor performance
was calculated from e mass-flow-welghted average of the total-
temperature rise across the compressor and a mass-flow-welghted average
of the isentropic power input (reference 5):
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RESULTS AND DISCUSSION
Rotor Performence

Pressure ratio and adisbatle efficiency. - Total-pressure ratio
and sdisbatic efficiency are plotted in figure 4 against corrected
welght flow for the three rotor solldities at five equivalent tip
speeds from 669 to 962 feet per second. Weight-flow limitations in the
test compressor downstream of the blading mede it impogsible to operate
the rotors over part of the high-weight-flow region of thelr operating
range.

The peak total-pressure ratio increased with solidity at =211
speeds, and at any given speed the peak-pressure-ratlo point shifted
toward lower weight flows as solidity increased. The change in pres-
sure ratio with solidity was greatest at the low weight flows and the
curves converged at incressing values of the weight flow. These are
trends that could be predicted from two-dimensionel cascade resulis.
Figure 5 shows the varistion of turning angle with angle of sttack for
an NACA 65-(18)10 airfoil at a constant inlet stagger angle of 45°
(from the two-dimensional cascade data of reference 6). Curves are
plotted for cascade solidities of 0.75, 1.00, and 1.50, which corres-
pond to the mean radius solidities of ‘the three rotors tested. Inlet
stagger angles at constant rotor speed change with flow so that the
curves of figure 5 are not directly spplicable to compressor data but
they are sufficiently accuraite for use in indicating trends. For a
constant equivalent tip speed, a given compressor corrected weight flow
corresponds to a constant blade angle of attack, and angle of attack
increases as weight flow decreases. In figure 5, at high angles of
attack which correspond to low compressor flows, turning angle increases
with solidity. Because pressure ratio is a function of turning angle,
higher pesk pressure ratios were obtained with the high-solidity rotor.
The peak turning is obtained at higher angles of attack as solidity
increases. This explains the movement of the peak pressure ratio to
lower weight flows &s rotor solidity increased at a constant speed. At
low cascade angles of attack, which correspond to high compressor
welght flows, the turning-angle curves for the three solidities con-
verge in a manner similsr to the pressure-ratio curves for the three
rotor solidlties.

The varistion of efficiency with solidity for the compressor can-
not be readily predicted from cascade data. The adisbatic efflciency
curves of figure 4 show that the peak values of efficiency for all
three rotor solidities were approximately the same for a given equiva-
lent tip speed. The weight flow at which the peak value occurred
decreased with increasing solidity at a given speed. The decreased
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efficiency at low welght flow was due to the increase In losses caused
by blade stall and separstion. The effect of solidity on the weight
flow range for good effilciency could not be determined because of the
previously mentioned compressor flow limitation.

Varlation of peak pressure ratio with solidity. - The variation
of peak pressure ratic and the corresponding adiabatic efficiency with
equivalent tilp speed are Indicated in figure 6 for the three rotor soli-
dities. The maximim relative inlet Mach number represented by these
curves was approximately 0.8. These curves show that it should be
possible to design a low-solldity stage which would produce a rela-
tively high total-pressure ratio with good efficiency by increasing the
relstive Mach number and using blade cambers of the same order used in
the original stage design of the Investigation. The same result could
probaebly be attained using low solidity, higher cembers, and relative
inlet Mach numbers no higher than used in the design of the stage of
thig investligetion. It should be remembered that critical Mach numbers
are lower for highly cambered sectiones 1f the inlet angle, angle of
attack, and solidity are held constent. These factors may limit the
use of highly cambered, low-scolidity blades to low inlet Mach numbers
if the operating range of angle of attack is expected 1o be reasonsbly
wide.

Blade element performasnce. - Rotor performance on a blade element
basis 1is presented iIn figures 7 to 10. Rotor angle of attack, turning
angle, total-pressure ratio, adiabatic efficiency, relative inlet Mach
nunber, inlet stagger angle, axisl velocity ratio, and corrected inlet
axial velocity for an equivaslent tip speed of 836 feet per second are
plotted against carrected weight flow for the three rotor solidities.
The variation of each of the quantities is given for the four radial
meaguring stations (see table TII).

As weight flow was reduced, which increased the blade angle of
attack, the turning angle for the blade region near the tip was the
first to bresk down (see fig. 7). The bresk in the turning angle curve
for this blade reglon moved to higher welght flows asg solldity was
decreased. Another result:of the breakdown in flow near the tip can
be seen in figure 9. The axial velocity ratio scross the rotor in the
tip region dropped sharply as weight flow was decreased. This drop is
a direct result of passage blockage due to flow separation, and &
result of the requirements of equilibrium of high statlie pressures,
even with low total pressures. Further effects of the tip-region stall
were decreases in both pressure ratio and adiebatic efficilency as shown
in figure 8. The meximum tip-section efficiency decreased slightly
with solidity, and the spread between the hub and tip section effi-
ciencies increased with decreasing solidity. This change in element
efficiency has very little effect on computed over-all efficiency,

24867
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which is & mass-Tlow-welghted average, because of a radial shift in dis-
charge weight flow.

The flow distribution at the rotor inlet was unaffected by changes
in solidity or by the breskdown of flow at the rotor tip for this 0.8
hub-tip ratio stage. This is indiceted by comparison of the relative
inlet Mach number and stagger angle plots of figure 10.

Cascade comparison. - Rotor equivalent turning angles are compared
in figure 11 with those predicted from two-dimensional cascade dsta.
For each rotor solidity, equivalent turning angle is plotted against
radius ratio for a dats point near pesk efficiency at an equivalent tip
speed of 836 feet per second. Measured inlet conditions and the cas-
cade data of reference 6 were used to predict rotor turning angles which
are also plotted against radius ratio. Observed rotor turning sngles
over most of the passage were lower than the predicted cascade values.
Near the outer wall there was & tendency toward overturning in the
rotor row, but there was no consistent variation wilth solidity of the
magnitude of the difference between rotor and cascade data.

The reasons for the difference between cascade predicted turning
angle and rotor turning angles shown in figure 11 are difficult to
isolate. Deviations from two-dimensional flow in the compressor, espe-
clally near the inner and outer wwmlls, are partly responsible. Varia-
tions in the axlal velocity ratio also contribute to the difference,
although the use of equivalent turning angle is an ettempt to minimize
this effect. The cascade data of reference 6 are for & 10-percent-
chord thieck airfoill, while the rotor bledes used were of 6 percent
thickness. Reference 7 indicates that the differences between rotor

and cascade data would be inereased by not more than 0.5° if the cas-
cade date were for a 6-percent-chord thick sectlion. This leads to an

apparent inconsistency between the result presented in reference 1 and
the comparison of figure 11. For the deslgn point shown in figure 2 of
reference 1, the experimental tobal-pressure ratio is higher than the
calculated total-pressure ratio. Thie would indicate higher rotor
turning angles than the cascade deslign values. Figure 11 shows measured
rotor turning engles which are, in general, lower than those predicted
from reference 8. It should be noted that this Inconsistency is a re-
sult of differences between the extrapolsted cascade date used in the
original stage deslign and the data of reference 6 and does not affect
the accuracy of the experimental date of reference 6 or of this report.

Complete Stage Performance
Pressure ratio and adisbatic efficiency. - The performance is com-

pared in figure 12 at an equivalent rotor tip speed of 836 feet per
second of the complete high-solldity stage, the same stage with half
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of the rotor and stator blades removed, the high-solidity rotor, and
the same rotor with half of the blsdes removed. The high-solidity
stage data are taken from reference 1. Stator blade setting angles
measured with respect to the compressor axis for the low-solldity stege
were decreased 5° in an attempt to improve blade-row matching.

Good agreement was obtained between the data for the high-solidity
stage and those for the rotor. This indicates good matching of the
rotor and stator rows and a low losg 1n the stator blade row. There
was, however, a large difference between the stage and rotor results
for the low-solidity tests. Both efficiency and total-pressure ratio
were lower for the data with stators over the entire range covered,
indicating a poor matech between the rotor and stator rows or serious
secondary flow losses in the low-solidity stetor blade row, or both.

Stator-blade logses. - In order to determine whether there were
large stator blade losses in the low-sgolidity stage, & close examin-
ation of the available data was made. The results of total-pressure-
rake surveys after the stator blade row are shown in figure 13. Fig-
ure 13(a) shows the circumferential variation of a total-pressure
deficiency parameter for six radial stations at a corrected welght flow
of 14.1 pounds per second (approximately maximum efficiency). Losses
in the blade wake were not excessive, but & lerge high-loss region
occured in the center of the blade passage near the hub (positions b
end Dy). Figures 13(b) and 13(c) are similar plots for weight flows
of 12.4 and 10.0 pounds per second, respectlively. Increased blade
wakesgs for these low welght flows were the result of flow separation
from the blade surface. This loss region has been found in previous
investigations of axial-flow compressors and 1s probably caused by
secondary flow interacting with rotating hub boundary layer (refer-
ence 8). Only a small part of the total mass flow is affected by the
loss region because of a radial shift in flow toward the ocuter wall
of the passage. This shift 1s shown Iin figures 14 and 15, which are
plots of the radial distribution of flow before and after the stator
blades. For this reason, the entire difference between the performance
of the low-solidity stege and the low-solidity rotor should not be
cherged to the stator blade secondery flow losses, as a considerable
part of the difference is undoubtedly due to mismstching of the rotor
and stator rows.

For comparison, flgure 16 shows total-pressure wake surveys after
the high-solidity stage stator blades. Weight flows were approximstely
equal to those of figure 13. Only four radial measuring stations were
used. These curves show that the magnitude of the secondary flows
causing the high-loss region rnear the hub can be reduced by increasing
solidity. It mey be desirable to maintain higher solidities in com-
pressor design 1n order to minimize these losses, which would certainly
have an effect on the flow distribution in succeeding stages.

L9%2
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SUMMARY OF RESULTS

An investigation was conducted to determine some of the basic
problems and effects Involved in & change of solidity in ar sxiael-flow
compressoy rotor row and in a8 complete stage. From this investigation,
in which the solidity of a given blade design was varied by changing
the number of blades, the followlng results were cbitained:

1. Pesk pressure ratio for a given equivalent tip speed was higher
and was obtained at & lower weight flow as solidity Iincreased. The
verlation in pressure ratlio between solidities was reduced by increas-
ing weight flow (decreasing rotor angle of attack) at 2 given speed.
These trends were in agreement with those predicted from two-dimensionel
cascade results.

2. For the same equivalent tip speed, the peak efficiencies of
each of the three rotor solidities investigated were very nearly equal
and occurred at a lower welght flow as solidity was increased.

3. Rotor equiwvalent turning angles were lower than those predicted
by cascade results over the major portion of the compressor passage.

4. Complete stage data indicated that secondary flows produced
a large high-loss region near the hub behind stator blades with a mean
radius solidity of 0.78. The slze and the severlty of this loss region
were greatly reduced for a blade solidity of 1.56.

Lewis Flight Propulsion Leboratory
National Advisory Committee For Aerocnautics
Cleveland, Ohlo
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TABLE I - BLADE DESIGN DATA ‘i‘!;ﬂ!"
Guide vane (40 blades)
Hub Mean Tip
Redius ratio, leading edge 0.747 0.906 1.000
Included angle, deg 19.3 23.9 26.8
Incident angle, deg 0 0 o
Chord, in. 1.43 1.76 1.97
Blade thickness, in. 0.06 0.086 0.08
Solidity 1.74 1.765 1.720
Blade section Circuler arc, 4£.25 in. radius
Rotor blade (44 blades)
Hub Mean Tip
Radius ratio, leading edge 0.800 0.906 1.000
Turning angle, deg 39.7 31.2 23.4
Angle of attack, deg 25.8 18.7 15.7
Relative inlet Mach nunber 0.668 0.704 0.740
Inlet-air stagger angle, deg 45.0 49.1 52.8
Chord, in. 1.35 1.35 1.35
Solidity 1.69 1.50 1.35
Blade section 65-(20.8)06 | 65-(16.0)06 65-(13.1)06
Stator blade (46 blades)
Hub Mean Tip
Radius ratio, leading edge 0.832 0.906 1.000
Turning angle, deg 31.2 30.7 29.5
Angle of attack, deg 17.4 16.75 15.8
Absolute inlet Mach number 0.734 0.702 0.664
Stagger angle, deg 47.2 47.7 49.1
Chord, in. 1.35 1.35 1.35
Solidity 1.69 1.56 1l.41
Blade section 65-(13.8)06 | 65-(13.8)06 65-(13.8)06




TABLE IT - INSTRUMENTATION

A

Station Radial measuring Measurement Instrument Circumfer-
position entlal
itions
Station| Distance pos
(in.)
Inlet tank, O Total pressure Wall taps 2
Total temperature | Thermocouple probe
After gulde A £.836 Total pressure and | oy total-pressure probe 1
vanes, 1 B 6.494 flow angle
C 6.136
D 5.754 Statlc pressure Wedge-type statlc-pressure probe 1L
Outer wall taps 5
After rotor A 6-861 Totﬂ-l Pregsure and clav total_Pressure pro'be
blades, 2 B 6.573 fiow angle
g g'ggg Static pressure Wedge-type statle-pressure probe 1
Outer wall taps 5
Inper wall teps 2
After piator %Ay | 6.932 Total pressure 25-Tube total-pressure rake 1
blades, 3 g g‘ggg Flow sngle Claw totel-pressure probe 1
c 6.428 Static pressure Wedge-type static-pressure probe 1
D 6.185
51)1 g6.128 Outer wall ta.ps 5
Tnner w1l taps 2
Total temperature | 4-Tip thermocouple probe 4

8Total pressure rake only.
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Figure 1. - Typlcal varlable axlal-veloclity diagram with equivalent values shown
as dotted lines.
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Depresslon tank

Flgure 2. - Schematio diagram of compressor ingtallation.
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(2) Combination total-pressure probe. {b) Wedge-type statlc-pressure probe.

(c) Total-pressure rake. (&) Thermocouple rake.

Figure 3. - Instrumentation.



- 1.00
o]
g . A atd A B, & 41 & I[P,
s ! in] o s A Ap
& fa
9 .80 | e 3 C

=

o
(=]
g o
a
3
g .60
1.4

. 1 T ]

a; Q 22-Blade rotor

ey 0O 30-Blade rotor o A

oy A 44-Blade rotor A X

9: 1.3 m nl_n o E

P

Fd A b

. £ A o o] ¢ e"4‘211)

§ = TR

u 1.2 Fay AD d

L] =1 L4 o [} o

g &Y

..'.

& s |

' 8 9 10 11 12 13 8 9 10 11 12 1%

Correoted weight flow W/6/5, lb/aec
(b) Equivalent tip apeed, 753 fest par seacnd.
Mgure 4. - Variation of total-prespure retio and adiabatic efficienay with corrected welight flew.

{a) Equivalent tip apeed, 685 feet per aecond.

l9¥2

1

02

TEVSSE W VIVN




L9vz

(o) Bquivalent tip speed, 838 feet per second.

Figure 4. - Contlnued.
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Equivalent turning sngle, Aﬂ'e, deg
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Figure 7. - Varlation of rotor angle of attack asnd
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ted weight flow. Eguivalent tip speed, 836 feet
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Rotor turning angle,
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(b) Medium solidity.

Figure 7. - Continued. Veariatlon of rotor angle of
attack and turning angle at four radial positions
with corrected weight flow. Equivalent tip speed,

836 feet per second.
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at four radial positions with corrected weight flow.
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Figure 8. - Continued. Varistion of totel-pressure
ratio and adisbatic efficiency at four radial

posltions with corrected weight flow. Eq;uivalent
tip speed, 836 feet per second.

29



30 ——— NACA RM ES52A31
1.0
A ¢ ?
‘ . o D
- O
3 A )
y o Q
g .8 =
Q <
o o
(3]
o
o) © o
o o a . Radial
g .60 fu) position
o
3 o A (near tip)
3 PRl
< c
4 D
.40 H ¢ 1
1.40
o A
%
Ay a 3
s 1.35 o
g 8 4
® A o o
= . C
o = (2
g ° o qo
]
g 1.30 g
4 ° i
£ =]
& a < Eéé =
1.25 S R S— l
8 9 10 11 1z 13 14
Corrected welght flow, W/6/5, 1b/sec
(c) Low solidity.
Flgure 8. - Concluded. Varlation of total-pressure ratlo and adlabatic
efficlency at four radial positions with corrected weight flow. Egulvalent

tip speed, 836 feet per second.

.9¥%2



L 4

2467

NACA RM E5zZA31

Radial
600 position
8
2 © A (near tip) A
1 4] m] B %"
Y < C
@ O g;
o A D 7.
Ay .2
£5 500 ~—f
Q ™ N 8 o)
T2 g I
B~ x|
q ? °
A i
57 o B¢
> 400
= o
@
%4
[3)
[-}]
£
Q
o
300
1.2
G
=
®
M J !
P i o 3 A 1% %
ﬁ b? 1.0 O
g o &
=] P
B s °
g & ~TRE
o |
.8
10 11 12 13 14
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Figure 1i. - Comparison of rotor turning engles at various
radil with two-dimensional cascade resulis.
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Flgure 12. - Varliation of total-pressure ratlc and adisbatic efficiency for complete

Corrected weight flow, W/6/8, 1b/sec

compressor stage with corrected weight flow. Egqulvalent tip speed, 836 feet per

second.
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